Back ground: Al though the prin ci pal brain tar get that all an tipsy chotic drugs at tach to is the do pamine D 2 re cep tor, tra di tional or typi cal an tipsy chot ics, by at tach ing to it, in duce ex tra py r a mi dal signs and symp toms (EPS). They also, by bind ing to the D2 re cep tor, ele vate se rum pro lac tin. Atypi cal antipsy chot ics given in dos ages within the clini cally ef fec tive range do not bring about these ad verse clini cal ef fects. To un der stand how these drugs work, it is im por tant to ex am ine the atypi cal an tipsychot ics' mecha nism of ac tion and how it dif fers from that of the more typi cal drugs.
Which Neuron Pathway Is Clinically Most Affected by Antipsychotic Drugs?
Im me di ately af ter the clin i cal in tro duc tion of drugs for psycho sis (1) , cli ni cians ob served that pa tients tak ing these medi ca tions ex hib ited a Par kin son-like syn drome of tremor, akinesia, and ri gid ity (2) . This drug-induced parkinsonism strongly sug gested that antipsychotic drugs were in ter fer ing with do pa mine path ways in the hu man brain, be cause Par kinson's dis ease was known to be a dis ease of in suf fi cient do pamine neurotransmission. This clin i cal ob ser va tion gave birth to the do pa mine hy poth e sis of psy cho sis and antipsychotic drug ac tion (3).
Al though it was sug gested that chlorpromazine and haloperidol blocked "5-hydroxytryptamine (se ro to nin) and monoaminergic (noradrenaline and do pa mine) re cep tors" (4), it was not pos si ble at that time to con clude which of the 3 path ways was se lec tively af fected by antipsychotics. This is be cause the turn over of noradrenaline, se ro to nin (5-HT), and do pa mine were all si mul ta neously af fected by the antipsychotics (4, 5) . Andén and oth ers spec u lated that chlorpromazine and haloperidol "re duce the elim i na tion rates of these" me tab o lites of noradrenaline, 5-HT, and do pa mine (5) . Al though Andén and oth ers (6) sub se quently found that antipsychotic drugs in vivo had a greater ef fect on do pa mine turn over than on noradrenaline turn over, di rect in vi tro ev idence for the se lec tive block ade of do pa mine re cep tors was found only later (7) (8) (9) .
The mul ti ple clin i cal and ad verse ef fects of var i ous antipsychotic drugs de pend on the com bi na tion of re cep tors oc cu pied, but the do pa mine path way is the pri mary com mon tar get for all antipsychotic drugs. More spe cif i cally, "no drug has yet been iden ti fied with antipsychotic ac tion with out a sig nif i cant af fin ity for the D 2 re cep tor" (10, 11) .
Which Group of Dopamine Receptors Is Clinically Relevant for Antipsychotic Drug Action?
There are 5 types of do pa mine re cep tors in hu man be ings (12, 13) . Types 1 and 5 are sim i lar in struc ture and drug sen sitiv ity (14, 15) , and these 2 re cep tors are re ferred to as the "D 1 -like" group or class of re cep tors. Do pa mine re cep tor types 2, 3, and 4 are also sim i lar in struc ture and are, there fore, grouped to gether as the "D 2 -like" group. Do pa mine re cep tors 2, 3 and 4, how ever, have sig nif i cantly dif fer ent sen si tiv i ties to antipsychotic drugs.
Al though the D 1 -like re cep tors are of ten men tioned as a primary tar get for antipsychotic drugs (16), 3 find ings in di cate that the D 1 -like re cep tors are not clin i cally rel e vant in the thera peu tic ac tion of these drugs. First, D 1 an tag o nists do not clin ically im prove psy chotic signs and symp toms (17) (18) (19) . Sec ond, ther a peu tic main te nance dos ages of var i ous antipsychotic drugs oc cupy low or neg li gi ble lev els of D 1 re cep tors in the brains of pa tients with psy cho sis (20) . For ex am ple, ther a peutic dos ages of haloperidol oc cupy less than 5% of the do pamine D 1 re cep tors in the brain putamen of schizo phre nia pa tients (20) . Al though ther a peu tic dos ages of some antipsychotic drugs, such as clozapine, oc cupy ap prox i mately 36% to 59% of brain do pa mine D 1 re cep tors (21) , there is no cur rently known rea son to be lieve that these oc cu pied D 1 recep tors con trib ute to the unique prop er ties of clozapine. Third, for the D 1 do pa mine re cep tor, the bind ing con stants (that is, the dis so ci a tion con stants, also re ferred to as the in hi bi tion constants, or Ki val ues) of var i ous antipsychotic drugs (22) are very much higher than the con cen tra tions of antipsychotic drugs found in the cerebrospinal fluid or in the plasma wa ter of pa tients (12, 23, 24) . In other words, if the free con cen tra tions of antipsychotic drugs were as high as the val ues for the binding con stants at D 1 , the drugs would be toxic or le thal to pa tients.
Of the 3 D 2 -like re cep tors, only the D 2 re cep tor it self is blocked by antipsychotic drugs in di rect re la tion to their clin i cal antipsychotic po ten cies (8, 9, 25) . Al though this long-known re la tion is some times crit i cized as sim ply a re la tion be tween the D 2 -block ing con cen tra tions and the clin i cal dos ages at which EPS first ap pear, it is im por tant to note that the con centra tions of antipsychotics which block D 2 re cep tors in the brain are pre cisely iden ti cal to the con cen tra tions found in the spi nal fluid or plasma wa ter (that is, cor rected for drug bind ing to the plasma pro teins) of pa tients whose psy chotic symp toms are suc cess fully con trolled by antipsychotics (Fig ure 1) . Be cause it is known that the clin i cal ef fi cacy of antipsychotics is as so ciated with a block ade of 60% to 80% of D 2 re cep tors in the brain (26) (27) (28) , the antipsychotic con cen tra tions shown on the or dinate in Fig ure 1 are those needed to block 75% of D 2 re cep tors in the pres ence of a phys i o log i cal con cen tra tion of do pa mine (see next sec tion).
Endogenous Dopamine Raises the Antipsychotic Concentration Needed for D 2 Block
Upon en try into the syn ap tic space, the antipsychotic drug must com pete with en dog e nous do pa mine for the re cep tor. Thus, the antipsychotic ther a peu tic con cen tra tion needed to block 50% of do pa mine re cep tors in the pres ence of do pa mine will be higher than that needed in the ab sence of do pa mine. This is in ac cor dance with the equa tion C50% = Ki ´ [1+D/D 2 high], where D is the do pa mine con cen tra tion in the syn ap tic space and where D 2 high is the dis so ci a tion con stant of do pamine at the high-affinity state of the do pa mine D 2 re cep tor. The level of do pa mine in the syn ap tic space in hu mans is not known but, in the rat nu cleus accumbens, it is be tween 1 and 4 nM at rest, mo men tarily ris ing to 200 nM for the few mil li seconds it takes for a nerve im pulse to prop a gate (29) .
The do pa mine D 2 re cep tor can ex ist in ei ther a high-affinity state or a low-affinity state for do pa mine. The high-affinity state, D 2 high, is the phys i o log i cally func tional state (30) . The dis so ci a tion con stant of do pa mine at D 2 high is 1.75 nM (see later).
Hence, al though the con cen tra tion of do pa mine, D, in the human syn ap tic space is not known, it ap pears that D is of the same or der of mag ni tude as the do pa mine Ki for D2 high. Hence, with this sin gle as sump tion that D is equiv a lent to D2 high, the above equa tion of C50% = Ki ´ [1 + D / D2 high] reduces to C50% is equiv a lent to 2 ´ Ki. The frac tion, F, of D2 re cep tors oc cu pied by an antipsychotic at a con cen tra tion C is C / (C + Ki). Using this for mula, it can be shown that the con cen tra tion of an antipsychotic drug needed to oc cupy 75% of the D2 re cep tors is about 3 times higher than that re quired to oc cupy 50% of the re cep tors.
There fore, us ing the above equa tions, the antipsychotic concen tra tions to oc cupy 75% of D2 re cep tors in pa tients were cal cu lated and found to be vir tu ally iden ti cal to the ther a peu tic con cen tra tions of the antipsychotic drugs in the cerebrospinal fluid or in the plasma wa ter (that is, cor rected for drug bind ing to the plasma pro teins) of pa tients be ing suc cess fully maintained on these med i ca tions. This is il lus trated in Fig ure 1 . As noted above, clin i cally ef fec tive dos ages of antipsychotic drugs oc cupy be tween 60% and 80% of brain do pa mine D2 re cep tors in pa tients, as mea sured by pos i tron emis sion tomog ra phy (PET) or sin gle pho ton emis sion tompography (SPET) in the hu man striatum (28, (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) . Clozapine and quetiapine, how ever, have con sis tently been ap par ent excep tions. For ex am ple, in pa tients tak ing ther a peu ti cally effec tive antipsychotic dos ages of clozapine, this drug only oc cu pies be tween 0% and ap prox i mately 50% of brain do pamine D2 re cep tors, as mea sured by var i ous radioligands us ing ei ther PET (26, 28, 31, (34) (35) (36) (54) (55) (56) (57) (58) or SPET (47) (48) (49) (50) (51) (52) 59 ).
Be cause the atyp i cal antipsychotics oc cupy many dif fer ent types of re cep tors un der ther a peu tic con di tions, any ap par ent ex cep tions to the "60% to 80%" rule of D2 oc cu pancy must be taken se ri ously. For ex am ple, the ap par ently low oc cu pancy of D2 by clozapine might sug gest that D2 is not the ma jor antipsychotic tar get for clozapine (31, 60) . This is an im portant point be cause, if D2 is not the com mon tar get for all antipsychotic drugs, then the ex pla na tion for atypicality must iden ti cal to the con cen tra tions of antipsy chotic drugs that are found in the spi nal fluid or in the plasma wa ter (that is, cor rected for drug bind ing to the plasma pro teins) of pa tients be ing suc cess fully main tained on these drugs. The an tipsy chotic con cen trations needed to block 75% of D2 recep tors in vi tro is shown (or di nate) be cause it is known that the clini cal ac tion of an tipsy chot ics is as so ci ated with a block of 60% to 80% of D2 recep tors. (See text for ad di tional details.)
be found else where, per haps in the 5-HT sys tem or in the balance be tween 5-HT and do pa mine.
How ever, the ap par ently low oc cu pancy of D 2 by clozapine and quetiapine is readily ex plained by the fact that these 2 antipsychotics rap idly dis so ci ate from the do pa mine D2 recep tor (27 These in vi tro data match those found clin i cally for clozapine, quetiapine, and haloperidol in schizo phre nia pa tients and healthy vol un teers. This is shown in Fig ure 3 , where it has been found by PET (us ing [ 11 C]raclopride) that the hu man brain (striatum) oc cu pancy of D 2 by quetiapine and clozapine rap idly falls off within 24 hours, in con trast to that for haloperidol, which main tains its D2 oc cu pancy con stant over 24 hours (38, 53, 63) .
Thus, the rapid re lease of clozapine and quetiapine from do pamine D 2 re cep tors and their re place ment by en dog e nous do pamine would readily ac count for the low D 2 re cep tor oc cu pancy shown by these atyp i cal antipsychotics.
It is im por tant to em pha size that the rapid re lease of clozapine and quetiapine is a mo lec u lar event which oc curs quickly, 
Fig ure 2
Hu man cloned D2 re cep tors were equili brated with the tritium-labelled an tipsy chotic drug, af ter which a high con cen tra tion of ra clo pride or do pamine was used to dis place the antipsy chotic drug. The typi cal an tipsy chotic drugs chlor pro maz ine, ha loperi dol, and ra clo pride dis so ciated slowly over 30 min utes, while the atypi cal an tipsy chot ics dis so ciated rap idly in un der 60 sec onds. Olan zap ine and sert in dole had in ter me di ate rates of dis so cia tion.
(See refs. 61,62 for de tails.) The fi nal con cen tra tion of ra clo pride was 100 mi cro mo lar, in con trast to that of 10 mi cro mo lar used ear lier (ref. 61) , explain ing why the 50% off set times for ra dio ac tive ha loperi dol, or ra dio ac tive sert in dole, were lower than the pre viously pub lished data (ref. 61 ).
re gard less of the clin i cal dos age used. In other words, even though high dos ages of clozapine and quetiapine may be used, these drugs con tinue to go on and off the D 2 re cep tor rap idly, al low ing ex ten sive and fre quent ac cess of en dog e nous do pamine to the re cep tor.
Hence, it ap pears that some antipsychotics, such as clozapine and quetiapine, oc cupy D 2 re cep tors only tran siently throughout the day. As just men tioned, PET im ag ing of pa tients with schizo phre nia re veals that the D 2 re cep tor oc cu pan cies by clozapine and quetiapine wear off quickly af ter an oral dosage, and pa tients may show no oc cu pancy what so ever within 48 hours of the last dose, in con trast to typ i cal antipsychotics, which may con tinue to oc cupy D 2 re cep tors for days. This may ex plain why psy chotic re lapses of pa tients on clozapine and quetiapine oc cur soon af ter with drawal of the antipsychotic (64,65, re viewed in 27)-much ear lier than after with drawal of con ven tional antipsychotic drugs such as haloperidol or chlorpromazine.
Clinical and Basic Implications of the "Fast-Off" Theory of Atypical Antipsychotic Action
As out lined above, the "fast-off" the ory of atyp i cal antipsychotic ac tion is that the atypicals have low af fin i ties for the do pa mine D 2 re cep tor, and are loosely bound to, and rapidly re leased from, these re cep tors. A crit i cal as pect of the theory is that the atyp i cal antipsychotics bind more loosely to D 2 than does do pa mine it self, while the tra di tional, typ i cal antipsychotics bind more tightly than do pa mine. These data are sum ma rized in Ta Fig ure 4A il lus trates a gen eral de mar ca tion be tween typicals and atypicals. That is, the typ i cal antipsychotics have K val ues lower than that for do pa mine (at the high-affinity state of the D 2 re cep tor), while the atypicals have K val ues higher than that for do pa mine. Al though risperidone ap pears to be an excep tion to this gen er al iza tion, risperidone is the weak est "atyp i cal" antipsychotic, elic it ing dos age-dependent EPS in 60% to 70% of pa tients tak ing 6 mg or more daily, a dos age that may be in suf fi cient for clin i cal ef fi cacy (66) .
Clearly, the sep a ra tion be tween typicals and atypicals in Figure 4A is not sharp and pre cise, be cause antipsychotic drugs with K val ues be tween 2 nM and 10 nM (in clud ing molindone and loxapine) of ten re veal dose-dependent EPS. Thus, the demar ca tion be tween typ i cal and atyp i cal antipsychotics is not a sharp di vide but rather a con tin u ous one. Antipsychotics become in creas ingly more atyp i cal as their bind ing to the D 2 recep tor be comes more loose and they are re leased more quickly. Al though all atyp i cal antipsychotics have loose binding, with dis so ci a tion con stants looser than 1.8 nM/L, they can still elicit dos age-dependent parkinsonism. For ex am ple, olanzapine, with a dis so ci a tion con stant of 5.1 nM, is known to be as so ci ated with a dose-dependent in ci dence of EPS in some pa tients and es pe cially at higher dos ages. If the bind ing is ex tremely loose, as with clozapine, remoxipride, quetiapine, and melperone, es sen tially no EPS oc curs (although ex qui sitely sen si tive pa tients do ex ist who will ex hibit EPS even with these drugs). Drugs that are too loose or have far too low an af fin ity for D 2 re cep tors cease to ex hibit any antipsychotic ac tiv ity at all. More over, al though the de gree of oc cu pancy of atypicals at D 2 re cep tors has a di rect in flu ence on EPS, the po tent anticholinergic ac tion of olanzapine and clozapine pro vides an ad di tional anti-EPS mech a nism. It is be cause of its anticholinergic prop er ties, for in stance, that thioridazine use is rel a tively free of EPS.
Ta ble 2 sum ma rizes a few clin i cal dis tinc tions be tween the typ i cal antipsychotics, which are tightly bound to D 2 , and the atyp i cal antipsychotics, which are loosely bound to D 2 . The re quired antipsychotic dos age (in mg) will be low for tightly bound drugs but high for loosely bound drugs. The typicals, be ing tightly bound to D 2 , will elicit EPS and el e vated prolactin, while the atypicals, be ing loosely bound and rap idly re leased from D2 , will not elicit these side ef fects, or will at least elicit them to a mark edly lesser ex tent. Finally, be cause the typicals re main at tached to D2 and readily ac cu mu late in brain tis sue, they will even tu ally lead to TD (67) . The atypicals, how ever, are much less fat-soluble, and be cause they are readily re leased from D 2 and from the brain tis sue, the risk of caus ing TD is much re duced or per haps ab sent.
L-dopa Psychosis: "Fast-Off-D 2 " Theory Predicts Low Dosage of Atypical Antipsychotics
The treat ment of pa tients with psy cho sis in Par kin son's disease (as a con se quence of L-dopa treat ment) is best done with a very loose bind ing antipsychotic, such as clozapine or quetiapine, to al low for the low level of do pa mine neurotransmission that is re quired for nor mal mo tor func tioning to con tinue. Par kin son pa tients are do pa mine-depleted, so it is very im por tant not to block the lit tle do pa mine func tion that re mains. The hy poth e sis is that atyp i cal antipsychotic action (that is, low EPS and nor mal prolactin) oc curs when endog e nous do pa mine is able to dis place a loosely bound antipsychotic. This ac cords with the ob ser va tion that low dosages of atyp i cal antipsychotics are use ful for Par kin son pa tients.
It is well known in neu rol ogy that L-dopa psy cho sis in a patient with Par kin son's dis ease is best treated with a dos age of clozapine that is about 10% the dos age nor mally used for psycho sis in schizo phre nia. The "fast-off-D 2 " hy poth e sis readily and quan ti ta tively pre dicts this. As pre sented above, the antipsychotic dos age needed to oc cupy D 2 re cep tors is Com par ing 3 theo ries for atypi cal an tipsy chotic ac tion. Typi cal an tipsy chot ics are col o ured in pink, atypi cals in green. Risperi done is a weak atypi cal, and is col oured half-green-half pink. A: The "fast-off-D 2" the ory pro poses that typi cal an tipsy chot ics bind more tightly than do pa mine to the do pa mine D 2 re cep tor (in its func tional high-affinity state), with dis so cia tion con stants lower than that for do pa mine, while the atypi cals bind more loosely than do pa mine to the do pa mine D 2 re cep tor, with dis so cia tion con stants higher than that for do pa mine. Out of 31 an tipsy chot ics, there are 2 or 3 ap par ent ex cep tions to this rule. Drugs with K val ues be tween 2 and 10 nM cause dose-dependent ex tra py ra mi dal signs. B: The do pa mine-se ro tonin an tago n ism the ory gen er ally pre dicts a separa tion be tween typi cals and atypi cals, ex cept that out of 20 an tipsy chot ics there are 3 or 4 ap par ent ex cep tions to this the ory. Remoxi pride is an im por tant ex cep tion. C: The the ory which pre dicts that an tipsy chot ics stimu late 5-HT2A re cep tors by in verse ago nism has many ex cep tions, in clud ing M100,907 which has no an tipsy chotic ac tion.
pro por tional to K ´ [1 + D / Dhigh], where K is the dis so ci ation con stant of the antipsychotic, D is the con cen tra tion of do pa mine in the syn ap tic space dur ing the mo men tary nerve im pulse (equiv a lent to 200 nM, ref. 29) , and where Dhigh is the dis so ci a tion con stant of do pa mine at the high-affinity state of D 2 (equiv a lent to 1.75 nM; Ta ble 1). In Par kin son's dis ease, where 90% to 95% of the do pa mine con tent is ab sent, the value for D would be equiv a lent to 20 nM. Ac cord ingly, the antipsychotic dos age for L-dopa psy cho sis will be lower than that for schizo phre nia psy cho sis by a fac tor of (1 + D / Dhigh) nor mal / (1 + D / Dhigh) Par kin son, or (1 + 200 / 1.75) / (1 + 20 / 1.75), or ten fold. Thus, while a daily dos age of 500 mg clozapine might be suit able for treat ing schizo phre nia psy cho sis, a dos age of 50 mg (or less) would be more than ade quate to treat L-dopa psy cho sis. It is im por tant to note that this cal cu la tion best holds for com pe ti tion be tween en dog enous do pa mine and a loosely bound antipsychotic. A tightly bound antipsychotic such as haloperidol would not readily per mit en dog e nous do pa mine to re place it com pet i tively.
Test of the "Fast-Off-D 2 " Hypothesis Using Clozapine and Isoclozapine
As re ported by Kapur and oth ers (68), the sin gle most pow erful pre dic tor of atypicality is the low af fin ity to, and fast disso ci a tion from, the D 2 re cep tor-not high af fin ity to any other re cep tor. This hy poth e sis is sup ported by their find ings that clozapine and isoclozapine have iden ti cal po ten cies on many cloned re cep tors (in clud ing muscarinic M 1 , do pa mine D 1 , dopa mine D 4 , 5-HT 1A , and 5-HT 2A re cep tors) but dif fer five fold in their po tency only on D 2 re cep tors. Thus, in sev eral tests of atypicality (for ex am ple, early ac ti va tion of cer tain genes, cat a lepsy in an i mals, and prolactin el e va tion), clozapine behaves like an atyp i cal antipsychotic. Isoclozapine, how ever, be haves like a con ven tional antipsychotic.
Do Antipsychotics Elicit Atypical Action by Blocking 5-HT Receptors?
In ad di tion to block ing do pa mine re cep tors, the new atyp i cal antipsychotic drugs also block 5-HT re cep tors. Al though it has of ten been sug gested that the block ade of 5-HT 2A re cep tors may al le vi ate the parkinsonism caused by D 2 blockade (69, 70) , most data do not sup port this prin ci ple.
Remoxipride Is an Im por tant Ex cep tion
Remoxipride is a highly ef fec tive atyp i cal antipsychotic drug (not used in Can ada) with no EPS and no hyperprolactinemia, yet it does not block 5-HT re cep tors.
5-HT Block ade En hances Cat a lepsy
Se lec tive 5-HT2A re cep tor block ade with the drug M100,907 mark edly en hances, in stead of re duc ing, the cat a lepsy (cat alepsy in an i mals = EPS in hu mans) ob served with submaximal dos ages of the D 2 block by raclopride (71) .
No Do pa mine-5-HT Cor re la tion to Cat a lep tic Dos ages
There is no cor re la tion be tween the cat a lep tic dos ages of neuroleptics and the ra tio of the antipsychotic dis so ci a tion con stants at D 2 and at 5-HT 2A re cep tors (72, 73) .
No Sharp Sep a ra tion of Typicals and Atypicals
Using the ra tio of antipsychotic dis so ci a tion con stants ob - 
No Al le vi a tion of Extrapyramidal Signs
A high de gree of 5-HT 2A re cep tor oc cu pancy (95%) by risperidone (6 mg daily) does not pre vent EPS in 6 out of 7 patients (74, 75) .
5-HT Block Does Not Change D 2 Oc cu pancies Re quired
Using 
Amisulpride Is an Im por tant Ex cep tion
Amisulpride (used in Eu rope) is a highly ef fec tive antipsychotic that is atyp i cal and does not oc cupy any 5-HT 2A re cep tors in hu mans at dos ages up to 1200 mg daily (76) .
Chlorpromazine Blocks 5-HT but Elicits EPS
Chlorpromazine, the first typ i cal antipsychotic, blocks 65% of 5-HT 2A re cep tors at 500 mg daily. This "high level of 5-HT 2A block . . . sug gests that the dis tinct clin i cal pro files of chlorpromazine and clozapine are un re lated to 5-HT 2A re ceptor block ade" (76).
5-HT Block Not Needed for Antipsychotic Ac tion
It has also been stated that the block of 5-HT 2A re cep tors "is not a pre req ui site for the antipsychotic ef fect" (74, 75) . In fact, full block of 5-HT 2A re cep tors oc curs at subtherapeutic dosages of risperidone, olanzapine, and clozapine, in di cat ing that 5-HT 2A block has lit tle or no antipsychotic ac tion.
Do Antipsychotics Elicit Atypical Action by Stimulating 5-HT Receptors?
Al though it has long been known that the stim u la tion of 5-HT 1A re cep tors in an i mals can al le vi ate cat a lepsy caused by D 2 block ade (77,78), there do not ap pear to be any antipsychotics that have this 5-HT 1A -stim u lat ing ac tion combined with D 2 -block ing ac tion.
It has re cently been pro posed that the stim u la tion of 5-HT 2A re cep tors by an in verse ac tion is an im por tant con tri bu tion to atyp i cal antipsychotic ac tion (79) . This is il lus trated in Fig ure  4C , where the in verse stim u lat ing po ten cies of antipsychotics on 5-HT 2A re cep tors are shown (from 79). How ever, be cause a few im por tant atyp i cal antipsychotics (in clud ing remoxipride and sulpiride) have no such stim u lat ing ac tion, it is un likely that this fea ture con trib utes to atyp i cal antipsychotic ac tion. The data in Fig ure 4C do not re veal any clear de mar ca tion between typicals and atypicals. Finally, al though the au thors (79) pro pose that M100,907 has the de sired stim u lat ing action, this com pound has shown no antipsychotic ac tiv ity in hu mans.
The Future
Be cause brain im ag ing in di cates that the tra di tional antipsychotics re main at tached to do pa mine D 2 re cep tors for at least 1 or 2 days, there is no ra tio nal need to med i cate schizo phre nia pa tients daily with typ i cal antipsychotics. This rea son ing has led to a new reg i men of ad min is ter ing antipsychotics by "ex tended dos ing," wherein the pa tient receives a typ i cal antipsychotic once ev ery 3rd or 4th day (80 Cli ni cians can now ap ply this knowl edge to the treat ment of in di vid ual pa tients. Atyp i cal agents, be ing newer and still pro tected by pat ent, are much more ex pen sive than the older drugs. The fact that they do not elicit EPS and do not el e vate prolactin lev els does not mean that they are free of se ri ous side ef fects. One could ar gue that the side ef fects as so ci ated with some of the atyp i cal drugs (for ex am ple, agran u lo cy tosis, obe sity, di a be tes, ophthalmological prob lems, car dio vascu lar prob lems, sex ual prob lems, ob ses sive-com pul sive symp toms, con vul sions, and in som nia) are more se ri ous than EPS, high prolactin, and even TD. Low-dose, extended-dosing reg i mens of typ i cal drugs may be best suited for spe cific pa tients. Pa tients known to be nonadherent to regu lar med i ca tion may do better on those drugs that are more tightly bound to the D 2 re cep tor, where risk of re lapse through a short pe riod of non com pli ance is re duced. Con versely, patients with a his tory of neuroleptic ma lig nant syn drome are best treated with drugs that are readily dis placed, so that, should the syn drome re turn, the drug is quickly out of their brain. In pa tients with psy cho sis, high stress lev els, ac com panied by high en dog e nous do pa mine re lease, will ne ces si tate higher dos ages of the antipsychotic drug. Pe riods of low stress will re quire lower dos ages. Pa tients with psy cho sis who may tem po rarily ben e fit from high prolactin lev els (for ex am ple, those who do not want to con ceive or, con versely, postpartum women whose milk is in suf fi cient for breast feeding) may pref er en tially be pre scribed typ i cal antipsychotics. On the other hand, typ i cal antipsychotics should be dis con tinued in those with be gin ning signs of TD and the newer drugs pre scribed in stead. Knowing how drugs work greatly expands the cli ni cian's rep er toire of strat e gies, al low ing op ti miza tion of drug reg i mens for in di vid u al ized treat ment.
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